We analyze a model where a V system is excited by two uncorrelated partially coherent fields. We use a collisionally broadened CW laser, which is a good model for a experimentally realizable partially coherent field, and show that it is possible to generate excited state coherences even if the two fields are uncorrelated. This transient coherence can be increased if splitting between the excited states is reduced relative to the radiation coherence time, τ d . For small excited state splitting, one can use this scheme to generate a long lived coherent response in the system. PACS numbers: 42.50. Lc, 42.50.Md, Introduction -Generating coherences from incoherent sources has been discussed extensively in literature [1][2][3] [4] [5] [6] . It has been established that one can generate transient coherences even from incoherent sources [1-3, 6, 7, 18]. Various investigations of incoherent pumping in three level atoms [2, 3] has already been done. These reports have shown that it is indeed possible to use an incoherent field to induce transient coherent dynamics between states. Using this transient coherence, they have demonstrated the ability to do lasing without inversion [3], quenching of spontaneous emission [9] , all coherent phenomena induced by incoherent pumps. The long time result of interaction of matter with incoherent light has been investigated and is found to be a mixed state [4] .
Introduction -Generating coherences from incoherent sources has been discussed extensively in literature [1] [2] [3] [4] [5] [6] . It has been established that one can generate transient coherences even from incoherent sources [1-3, 6, 7, 18] . Various investigations of incoherent pumping in three level atoms [2, 3] has already been done. These reports have shown that it is indeed possible to use an incoherent field to induce transient coherent dynamics between states. Using this transient coherence, they have demonstrated the ability to do lasing without inversion [3] , quenching of spontaneous emission [9] , all coherent phenomena induced by incoherent pumps. The long time result of interaction of matter with incoherent light has been investigated and is found to be a mixed state [4] .
However, these approaches ( [2, 3] ) are not truly incoherent in the sense that they use the same field to induce transitions from a common ground state |g to excited states |1 and |2 as well as the fact that they use white noise, a source with a poorly defined first order coherence function g (1) (τ ). Here we demonstrate how, when the correlation the field shares with itself and the atom at a time t 0 is removed, white noise cannot generate coherences between excited states in a V configuration. Instead, we advocate the use of a collisionally broadened CW source [10] . This is given by the two time correlation function: 
In this model, ω 0 represents the frequency center of the radiation, and 2 0 represents the field intensity or electric field strength. The coherence time of this radiation is given by τ d = /kT where is the reduced Planck constant, k is Boltzmann's constant, and T is temperature [15] .
In this Letter we use a collisionally broadened CW source, each tuned to the transition between the ground and excited states in a V configuration. These two noisy lasers are also forced to be uncorrelated with each other. We demonstrate that the two excited states demonstrate a transient coherence associated with this noisy electric field.
This Letter is organized as follows: we discuss the first order coherence functions of white light versus collisionally broadened CW sources, then we discuss a scenario where a V level system is excited by two uncorrelated lasers.
Coherence Properties of Noisy Fields -Many groups [2, 3, 6] have used white noise lasers to generate coherences between excited states. They have then exploited these coherences to demonstrate behavior such as lasing without inversion [3] or quenching of spontaneous emission [9] . However the problem with using white noise is its coherence properties. Firstly, white noise is not realizable in the laboratory and is a mathematical concept rather than a physical one. Second, it is very difficult to compute the first order coherence function. The first order coherence function for a collisionally broadened CW source is much easier to compute [10] . For symmetry reasons Eq (1) is written as a difference of the two times τ ≡ t − t . Since the first order coherence function is the normalized correlation function, it is also written as the difference between the two times τ . The form of g (1) (τ ) is given below:
From Eq. 2 it is evident that the source is completely coherent for τ = 0. This coherence eventually exponentially decays as a function of τ scaled by a characteristic radiation coherence time, τ d . This is a much more realistic noisy source than white light. The first order coherence function has a finite level of coherence at τ = 0, as opposed to white noise which does not. In fact, at τ = 0, the first order correlation function of white noise has a singularity at τ = 0.
V Level System Subject to Two Uncorrelated Collisionally Broadened CW Lasers -In this section we outline excitation of a V system with two uncorrelated collisionally broadened CW sources tuned to the transition frequencies of the ground to the first two excited states. The excitation of a V level system by two uncorrelated white noise lasers is investigated in the supplementary material. We show that the use of uncorrelated white noise fields leads to no coherence between the excited states, but instead leads to incoherent pumping to the excited states and eventual equilibrium. However, excitation by two uncorrelated collisionally broadened CW sources it is still possible to generate a transient coherent response. The Hamiltonian of the V sys- as the characteristic excited state period (Bottom) excited state coherences as a fraction of excited state population C ≡ |ρ12|/(ρ11 + ρ22) is plotted for various excited state spacings. It is evident that as excited state splitting decreases (i.e. τc increases) the system becomes increasingly more coherent. The radiation coherence time, τ d =60 fs for all figures. tem is as follows:
In this model, the ground state is designated |g , and two excited states are |1 , |2 . This describes an interaction between a V level system and two electric fields that couple the following transitions |g → |1 and |g → |2 . µ 1 is the dipole moment of the |g → |1 transition and µ 2 is the dipole moment of the |g → |2 transition. These lasers have a correlation function that is given by Eq. (1). The statistics of the light, however, are given by:
Where δ ij is the Kronecker delta function. In this scenario, the potential initial self correlation encountered in the schemes outlined in ref [2, 3] is avoided. We use this Hamiltonian to solve the Liouville-von Neumann equation exactly numerically:ρ to be the characteristic excited state period (Bottom) excited state coherences as a fraction of excited state population (C ≡ |ρ12|/(ρ11 + ρ22)) for various excited state spacings plotted as a function of time. In the case of τc = 400 fs the excited state subspace remains unusually coherent with C approaching ≈ 0.45 which is similar to a coherent superposition. The radiation coherence time, τ d = 120 fs for all figures.
The results of our numerics are presented in Figs 1,2. Generation of the collisionally broadened CW laser is covered elsewhere [17] and details on how to force the fields to be uncorrelated are presented in Appendix C. Briefly our approach is as follows: stochastic realizations of the noisy field { (t)} is generated which is then subsequently used to generate a realization of the system response {ρ(t)}. These responses are then collected and ensemble averaged to produce ρ(t) . To ensure the lack of correlation between the two fields we use different random seeds for important parameters such as phase change and phase change time. We calculated the response of a system to radiation with two different coherence times, τ d = 60 fs and τ d = 120 fs. The dipole moments of both |g → |1 , |2 were set to be equal µ 1 = µ 2 . The incident field strength was set to µ i 0 / = 10 THz for all calculations unless otherwise specified.
Several measures were used to determine the purity and the mixed state character of the system. The coherences as a fraction of excited state population C ≡ |ρ 12 |/(ρ 11 + ρ 22 ) was plotted as function of time. The purity of the system, Tr[ρ 2 ] was also plotted as function of time. These are presented in Figs 1,2.
We can see that even though there is no initial self correlation, it is still possible to have a transient coherent response for various excited state splittings using collisionally broadened CW laser excitation. The coherences seen in Figs 1,2 are due to the partial coherence of the field for finite times, as demonstrated in Eq. 2.
An interesting trend develops: the larger the excited state splitting relative to the radiation coherence time, τ d , the more rapid the decay to a mixed state. This can be observed in the purity of the total state as a function of time, as well as the rapid deterioration of excited state coherence fraction. However, as the excited states splitting becomes smaller relative to the radiation coherence time, τ d , the excited state coherences become a larger fraction of excited state population, manifested in the measure C. As τ d is increased then naturally the response becomes more coherent.
The purity of the total state decreases as a function of time. However, the rate of this decrease becomes smaller as τ d increases, i.e. the more coherent the field the smaller the decoherence experienced by the system. Purity also decreases at a smaller rate for systems with small excited state splitting.
For the cases studied, regardless of the excited state splitting, the excited state populations equilibrate to 1/3, similar to the case of excitation by uncorrelated white light fields in the supplementary materials. However, the amplitude of the excited state coherences increases as excited state splitting becomes smaller, details of this can be seen in the appendix. From previous investigations of excitation by partially coherent light [17] , it was shown that as the excited state splitting becomes smaller relative to radiation coherence time τ d , the coherences become a larger fraction of the excited state population. The constraint of the uncorrelated fields forces the populations to equilibrate to a steady value as the coherences become larger. Hence the coherence fraction, C, for small excited state splitting is large.
The purity of the system, Tr[ρ 2 ] is affected by the populations of the levels ρ gg , ρ 11 , and ρ 22 as well as the excited state coherences ρ 12 and the ground to excited state correlations. In all the cases that were studied, the populations of the states approach the same value. The differentiating factor is the excited state coherences and the ground to excited state correlations. The amplitude of the excited state coherences also increases as the excited state period becomes larger, thus purity decreases at a slower rate for large excite state periods relative to the radiation coherence time, τ d . For small splittings, and thus large excited state periods, the excited state subspace remains unusually coherent. This offers an interesting application to quantum optics which requires coherence for phenomena such as EIT or lasing [14] . This degree of excited state coherence can remain coherent for a long time (approx. 500 fs) for certain cases. See the supplementary materials for details on the excited state populations and coherence amplitudes for various excited state periods and various radiation coherence times.
In this section, a V level system excited using two uncorrelated collisionally broadened CW sources was investigated. The field used to excite the system is partially coherent, which allows for the creation of a transient coherent response. Hence, the transient coherence of the material system is due to the transient coherence of the field [16] . As one alters the excited state splitting, the nature of the coherent response changes. For small excited state periods (relative to the radiation coherence time τ d ) the coherences become a small fraction of the excited state population. However, for large excited state periods (relative to the radiation coherence time τ d ), an unusually coherent excited state subspace persists where the coherences of the excited remain large relative to the sum of the excited state populations.
We must emphasize that not only is the aforementioned scenario physically realizable in the laboratory but also generates coherences between excited states using the partial coherence of the field. Our result should be contrasted with literature models such as [2, 3] , which generate coherences from white noise, a source with ill defined coherence properties. These sources exploit a correlation between the field and the system at some initial time t 0 to generate coherences between the excited states.
Conclusion -We have demonstrated that in a V level system upon irradiation with two uncorrelated collisionally broadened CW lasers, an excited state coherence can be induced. These coherences are a result of the partial coherence of the radiation field. The question of time scales becomes very important as small excited state periods leads to fleeting coherence of the excited states, while large excited state periods leads to longer lived excited state coherences. For certain cases, this induced excited state coherent response can be quite large. Specifically in the case of large τ d and even larger τ c = 2π/ω 21 , this coherence can last for up to 500 fs.
Acknowledgements -Z.S. would like to thank Y. Khan, Dr. T. Scholak, Dr. T. V. Tscherbul and R. Dinshaw for edifying discussions. An example of incoherent pumping is a V level atom irradiated by two white noise electric fields similar to the approach of [1, 2] . It is described by the Hamiltonian outlined in Eq. (3). This describes an interaction between a three level system and two electric fields that couple the following transitions |g → |1 and |g → |2 . µ 1 is the dipole moment of the |g → |1 transition and µ 2 is the dipole moment of the |g → |2 transition. These lasers are on resonance with the aforementioned transitions. In the interaction picture, the Hamiltonian is of the form:
Here we define:
The white noise statistics of the electric fields are given by: 
After formal integration and ensemble averaging over the field. This leads to the following equation of motions for the populations of the states (in the Schroedinger picture):
The equation of motion of the coherences between the two excited states is given by:
We numerically solve the above equations for an initial condition of ρ(0) = |g g|. These results are presented in Fig 1 . From these calculations, it is apparent that it is not possible to generate coherences from these two uncorrelated white noise lasers. In fact, in the steady state all the populations equilibrate, i.e. ρ gg = ρ 11 = ρ 22 = This scenario leads to the creation of a mixed state without ever generating coherences between the excited states. This is due to the Kronecker delta in the correlation function of the white noise (Eq (S2)). The Kronecker delta ensures that the two fields inducing the transitions to the upper levels are not correlated with each other at any time. In literature schemes [1, 2] , this condition is not enforced. As a result, the field is always correlated with itself in time; this is called the self correlation of the field. By eliminating this self correlation, one eliminates all transient coherence that might appear because of it. Removing this correlation is important as the g (1) (τ ) of white noise encounters a singularity at τ = 0 and it is this singularity that drives the atom to produce coherences between the excited states.
Our approach should be contrasted to the work of ref [1, 2] which utilizes this initial self correlation to induce coherences between radiation uncoupled states in both the Λ and V architectures. The scenario presented in this paper is unique because it removes this initial self correlation. By removing this self correlation, one cannot induce excited state coherences using white noise.
COHERENCES AND POPULATIONS FOR VARIOUS EXCITED STATE SPLITTINGS DURING EXCITATION BY UNCORRELATED COLLISIONALLY BROADENED CW SOURCES
Expanding on the results in the body of the Letter we demonstrate that regardless of splitting, the populations of |1 and |2 equilibrate to similar steady state values. We plot the excited state populations and coherences as a function of excited state periods in Figs 2, 3: It is also apparent that as the excited state splitting is decreased, the amount of coherence between the excited state increases similar to what was seen in Ref. [3] .
GENERATION OF UNCORRELATED RADIATION
Details on how to numerically generate Wiener noise for the collisionally broadened CW source can be found elsewhere [3] . To generate two uncorrelated fields we use different random seeds for important parameters such as phase change and phase change time. The correlation function of the two uncorrelated fields is plotted in . (Bottom) Excited state coherences ρ12 for various level spacings. As level spacing gets smaller the amount of coherence between the states get larger as seen in ref [3] . The radiation coherence time, τ d = 60 fs for all figures. . (Bottom) Excited state coherences ρ12 for various level spacings. As level spacing gets smaller the amount of coherence between the states get larger as seen in ref [3] . The radiation coherence time, τ d = 120 fs for all figures. 
